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Abstract 
 My objective for this senior project was to perform an extensive review of 
literature on the history of animal identification and common motivations for identifying 
livestock, the different types and methods of identifying animals, with a special focus on 
radiofrequency identification technology (RFID) and how it works. A secondary 
objective was creating an instructional booklet for the implementation of a RFID based 
management system on the Cal Poly dairy. The identification of livestock for 
management or disease traceability has been a practice in one form or another for 
centuries (Blancou, 2001). Today, animal identification is of great importance to herd 
management and disease traceability (Voulodimos et. al., 2010, Murphy et al., 2008, 
Marchant, 2002). The type of animal identification used plays a role in the effectiveness 
and efficiency of herd management and disease traceability. In the 1940’s animal 
identification programs existed as part of an extensive program to eradicate bovine 
brucellosis from the national cowherd (Murphy et al., 2008). Over time methods have 
evolved from biblical evidence of Jacob branding his livestock, to ear tags, ear notching, 
biometrics, and RFID technology today (NABRE, Genesis 30.37-42, Neary and Yager, 
2002). RFID is a great method for identifying livestock for both herd management and 
disease traceability. In combination with herd management software, RFID systems can 
include detailed information like medical treatment records, animal performance data, 
and record animal movements (Ruiz-Garcia and Lunadei, 2011). These same records are 
necessary for disease trace back. RFID facilitates this by having a unique code for each 
transponder. Transponders can be embedded in plastic ear tags, covered in a biomedical 
glass capsule for subcutaneous injection, or placed into a bolus to be retained in a cow’s 
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forestomach (Conill et al., 2000). The International Organization for Standardization 
(ISO) standard 11784 describes the code structure for a standardized transponder. 
According to Kampers et al. (1999), a standardized transponder can handle sixty-four bits 
of identification code. Within the sixty-four identification bits, a code must be stored that 
can identify an animal uniquely worldwide. ISO standard 11785 describes the technical 
concept of the communication that all transponder manufactures must adhere to in order 
to ensure the standardization of RFID. There are two different systems for RFID tags, 
full-duplex (FDX) and half-duplex (HDX) (Kampers et al., 1999). The principle 
differences between FDX and HDX are the generation of operating voltage, the coding of 
information, and the timing of the information transmission (Artmann, 1999). I found that 
the benefits of RFID technology over previous methods of animal identification to be 
quite clear. RFID technology offers a much more streamlined, efficient, and humane way 
to identify animals correctly. From a historical stand point, no previous technology offers 
the quick and easy trace back that RFID technology offers. The main driver in this quick 
traceability with RFID is the utilization of a main identification database that would 
contain the needed information for trace back. My research led to the implementation of a 
RFID based herd management protocol that can be found in appendix A. 
Key words: RFID, animal identification, animal identification history, animal 
identification methods, national animal identification systems, herd management. 
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Introduction 
 The identification of livestock for management or disease traceability has been a 
practice in one form or another for centuries (Blancou, 2001). Today, animal 
identification is of great importance to herd management and disease traceability 
(Voulodimos et. al., 2010, Murphy et al., 2008, Marchant, 2002). There are several 
countries that have instituted national animal identification programs or systems such as 
Australia, Canada, New Zealand, and the United States (Marchant, 2002, Murphy et al., 
2008). All of the literature I reviewed describes and establishes the historical need for 
animal identification. The need certainly exists; from Bovine Spongiform 
Encephalopathy (BSE) outbreaks in the United States and Canada and Foot and Mouth 
Disease (FMD) in the United Kingdom to livestock ranchers and farmers effectively and 
efficiently managing their herds, animal identification is of massive importance, and I 
found that the type of identification is just as important as the need for identification. 
 The type of animal identification used plays a role in the effectiveness and 
efficiency of herd management and disease traceability. Over time methods have evolved 
from biblical evidence of Jacob branding his livestock, to ear tags, ear notching, 
biometrics, and RFID technology today (NABRE, Genesis 30.37-42, Neary and Yager, 
2002). Currently, methods include hot iron and freeze branding, ear notching, ear 
tagging, nose printing, biometric methods such as retinal scans and DNA profiling, and 
radio frequency identification (RFID) (Neary and Yager, 2002). The type of animal 
identification is of importance when a national system is put into place for efficient 
disease trace back. The United States Department of Agriculture’s (USDA) Animal and 
Plant Health Inspection Service (APHIS) just recently announced its final rule for its 
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National Animal Identification System (NAIS) that allows brands to be an accepted form 
of official animal identification along with RFID transponders (USDA-APHIS, 2013). 
 RFID technology has advanced greatly from early research that came on the heels 
of radar and radio technology from World War II (Roberts, 2006). Today, the 
manufacturing of RFID transponders is governed by the International Organization for 
Standardization (ISO) to ensure transponder and reader compatibility across 
manufacturers. The ISO set standards for RFID transponders that allow each transponder 
to have its own unique code (Kampers et al., 1999). This uniqueness has led to RFID 
being a prime identification method not only for herd management, but for disease 
traceability by a government or national identification system. There are three common 
forms of RFID transponders used in livestock, RFID ear tags, subcutaneous injectable 
RFID transponders, and RFID transponders encapsulated in a ruminal bolus (Conill, et. 
al., 2000). 
 My objective for this senior project was to perform an extensive review of 
literature on the history of animal identification and common motivations for identifying 
livestock, the different types and methods of identifying animals, with a special focus on 
RFID technology and how it works. A secondary objective was creating an instructional 
booklet for the implementation of a RFID based management system on the Cal Poly 
dairy. The Cal Poly dairy is a model of a modern dairy and teaches students and its 
student employees about modern practices in the dairy industry. The use of a RFID 
management system will be just one more modern practice that the Cal Poly dairy can 
use to become more efficient and better prepare its students for the commercial dairy 
industry. 
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Literature Review 
History of and Motivation for Animal Identification 
 The individual identification of livestock has been practiced for thousands of 
years. There is biblical evidence that suggests that Jacob, the great herdsman, branded his 
stock (NABRE, Genesis 30.37-42). Egyptians have shown ancient brands on tombs and 
drawings of the actual work of branding dating back more than four thousand years 
(CDFA, 2013). There are many purposes to identifying livestock and I have found that 
the motivations for identification of livestock haven’t changed significantly over time. 
The motivations behind identifying animals throughout the world have historically been 
to be able to find animals in the case of theft or loss, to make economic or value 
increasing choices regarding livestock production, and to be able to trace, control, and 
eradicate diseases (Blancou, 2001). 
  These same factors motivate farmers, ranchers, and governments to make sure 
there is adequate animal identification and monitoring. One of the earliest documented 
cases of tracing a disease to a specific animal was in 1275. According to Blancou (2001), 
in Historia Anglicana, Thomas of Walsingham related the story behind a sheep disease 
that traced back to a Spanish ewe brought to England by a rich man from France and that 
said ewe was rotten, and that it infected the entire country. According to Blancou (2001), 
Thomas goes on to state the  plague of murrain continued for twenty-eight years before it 
ended and that it was the first ever rot that was in England. Certainly in order for a man to 
trace such a devastating disease to one particular ewe imported into England there must 
have been some sort of documentation and identification for this ewe. It is the spread of 
disease that I believe motivates governments to ensure that their livestock producers 
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properly identify their animals so as to avoid such issues that Thomas of Walsingham 
described. Most farmers have historically been particularly concerned with generationally 
improving their livestock so proper identification was necessary, but most developments 
in identification seem to have been perpetuated by disease. 
 It seems as if governing bodies have always had some interest in animal 
identification, if not for disease then for marking what is theirs. The first documents used 
for animal identification date back to antiquity, when ancient civilizations placed high 
value on domestic animals, especially horses (Blancou, 2001). Horses in particular had 
high value placed on them by royal bodies and where used to transport royalty, in royal 
games such as chariot races, and were used for war. According Blancou (2001), the horse 
of Alexander the Great was probably named after the image of the head of an ox that had 
been branded onto the breast and croup of the horse. The name of this horse and all the 
horses belonging to the Athenian cavalry were inscribed in lead tablets that followed the 
animals, and also contained records of the color and price of the branded animal and the 
name of the owner. Alexander the Great lived around 350 BC so this was a pretty 
sophisticated identification and registry system for such ancient times. According to 
Blancou (2001), branding live animals and recording their characteristics was a practice 
that clearly dated back over two thousand years.  
 Today, most purebred breed associations require animal registrations that list 
essentially the same information than those lead tablets had inscribed, and the owner of 
the animal must have the registration paper with him and present it when taking an 
animal to a livestock show. Again it seems that animal identification hasn’t changed 
much over thousands of years. Fast forwarding to more modern times, the Hide and 
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Brand Law sponsored by the cattlemen of California was approved in 1917. In 1935 the 
registration of horse, mule, burro, and sheep brands were added to the duties of the Cattle 
Protection Service which administered the Hide and Brand Law. In 1936, the name of the 
Cattle Protection Service was changed to the Livestock Identification Service and in 1940 
the Bureau of Livestock Identification was established (CDFA, 2013). It was in this time 
period when animal identification on a national scale was thought of.  
 In the 1940’s animal identification programs existed as part of an extensive 
program to eradicate bovine brucellosis from the national cowherd (Murphy et al., 2008). 
Industry organizations have implemented various mandatory identification programs to 
help eradicate disease within a species, such as the National Scrapie Eradication Program 
for sheep, an identification program to eradicate pseudorabies in swine, and the 
aforementioned brucellosis identification programs (Murphy et al., 2008). Traditionally, 
many livestock identification programs and systems have been provided through 
eradication programs such as those in the US for brucellosis, tuberculosis, and 
pseudorabies. However, as diseases are eradicated, the level of identification drops, 
necessitating a different approach through national identification programs (Marchant, 
2002).  
 All of these programs are complementary and predate the United States 
Department of Agriculture’s attempt at a National Animal Identification System (NAIS). 
The main goal of the NAIS is to provide a standard and efficient system of protecting US 
animal agriculture from disease outbreaks (Evans and Eenennaam, 2005a). The USDA 
shares this sentiment; according to the USDA’s Animal and Plant Health Inspection 
Service’s website, animal disease traceability is very important to ensure a rapid response 
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when animal disease events take place (USDA-APHIS, 2013). Similar programs exist in 
Canada and Mexico with the program in Canada being mandatory and the one in Mexico 
utilizing ear tags and paper record cards (Murphy et al., 2008).   
 A more personal and individual motivation for animal identification is breed 
associations and registries. For instance, Holstein breeders established the Holstein 
Association in 1885 to keep identification, production, and parentage records of purebred 
Holstein dairy cattle to further promote, perpetuate, and improve the Holstein breed 
(Holstein, 2013). Whether the animal belonged to the Roman Empire, or the seventh 
century Chinese, or to a modern day purebred Holstein breeder animal identification has 
been a priority and has generally always involved the same information. However, the 
types of technology and methods of recording and identifying animals certainly have 
changed over the centuries. 
Types of Animal Identification 
 As technology developed along with the evolving world, those involved in animal 
identification did their best to apply the modern technology of the day to animal 
identification. 
 Branding. The earliest known type of animal 
identification was hot iron branding. Hot iron branding dates 
back to Egyptian and biblical times (CDFA, 2013). With hot 
iron branding, branding irons are heated by fire or electricity 
until the brands are red hot and then applied to the animal’s 
hide where they kill the hair follicle growth cells making the 
markings permanent. Another type of branding is freeze branding. Freeze branding is 
Figure 1. Cal Poly's 
hot iron brand –P 
being heated with fire 
(Lazanoff, 2013). 
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similar to hot branding, but instead the branding irons are chilled in liquid nitrogen or dry 
ice and alcohol.  
 When applied to the animals hide, the chilled iron kills the 
cells that color the hair but not the cells that grow hair. After freeze 
branding, white or colorless hair will grow creating a permanent 
brand marking (Neary and Yager, 2002). As of 2011, 14 states 
have a Brand Inspection authority (USDA-APHIS, 2013). Brand 
inspectors are a person that is posted at livestock auction yards and 
monitor livestock sales to ensure that the branded animal being 
sold indeed belongs to the person selling it. Brand inspectors also 
investigate stolen or lost cattle allegations. The most severe disadvantage to branding 
livestock that I observed is that the animal must be firmly restrained and subjected to 
severe pain from burning or freezing irons. The major advantage to branding is the 
permanence of the brand. 
 Tagging. Tagging animals has taken different forms 
over the centuries. According to Blancou (2001) the first 
Akkadian texts written over five thousand years ago 
mentioned the use of collars on dogs. Collars were useful 
because one could attach a medallion with pertinent 
identification information. Also according to Blancou (2001), ear rings were used long 
ago in Persia to identify both large and small ruminants.   
 Today, tagging applies to using ear tags on livestock. According to Neary and 
Yager (2002), there are a number of companies that make plastic ear tags and their 
Figure 3. Ear tag and ear 
tag applicator 
Figure 2. Branding 
an angus calf at Cal 
Poly (Lazanoff, 
2013). 
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respective applicators. Plastic ear tags can come in a number of different colors and sizes 
and can be ordered and purchased numbered or blank. The tags are pierced through the 
center of the animal’s ear between the second and third cartilage rib and they allow for 
easy visual identification from both the front and the rear of the animal.  
 These tags are relatively inexpensive and are easy to read due to the bright 
background and large, black print. The main disadvantage that I noticed in regards to ear 
tags is that the animal’s head must be restrained, and a sharp needle tip and prong pierced 
through the animals ear. Tags can also be used with a neck chain instead of being pierced 
through the ear (Neary and Yager, 2002).  This type of tagging has the advantage of not 
causing any harm to the animal, but has the serious disadvantage of the tag being difficult 
to read because it is low on the animal’s body.  
 Ear Notching. Ear notching is a unique identification method that is most 
commonly seen in the swine industry. I was unable to find a historical reference to ear 
notching. There are many different variations of the ear notching system, but all of them 
identify pigs by their individual pig number and their respective litter number. The 
method of ear notching includes removing a V-shaped piece of the pig’s ear from a 
specific pre determined location that correlates to a specific litter number and a specific 
pig number (Neary and Yager, 2002). The main disadvantage with ear notching is that 
these animals must be restrained and maimed for identification purposes. This type of 
identification does not do any favors for producer relations. An advantage to this system 
is that piglets can be identified individually and with their litter. 
 Tattooing. Tattooing is a permanent form of identifying animals that is common 
to all species of livestock. Tattooing involves impressing or imprinting an identification 
9 
 
number and letter combination into the animal’s skin and applying and indelible and 
permanent ink into the impression to color it. For cattle, swine, sheep, and goats tattoos 
are placed in the ear above the first cartilage rib to avoid interfering with ear tags. Horses 
can be tattooed inside their lip, sheep can be tattooed inside their flank, and pigs can be 
tattooed on their shoulder for identifying their carcass during slaughter (Neary and Yager, 
2002).  According to Neary and Yager (2002), the tattooing tool is a set of specialized 
pliers that have number and letter dies of sharp needle like projections secured to it. The 
tattoo site is then cleaned with alcohol, rubbed with the ink, the tattoo pressed on, and 
more ink rubbed into the punctures. Once the ear heals the permanent tattoo is visible. 
Tattooing requires a lot of preparation and the animal must be restrained rather firmly for 
this process. The main disadvantage to tattooing is that tattoos require the farmer to 
restrain the animal and be in close proximity to the ear to read the tattoo. Also, tattoos 
can become faded and stretched over time as the animal grows and can become difficult 
to discern. The only real advantage is that tattoos are for the most part permanent. 
 Paint Branding. Paint branding is a temporary form of identification usually used 
for livestock shows and sales. It is easily visible and only temporary and the number 
painted on may correspond to a lot or entry number and be different than the animal’s 
permanent identification number. Paint brands are applied using the same brands as hot 
iron or freeze branding but are just pressed into a paint soaked burlap sack and then 
firmly pressed on to the back of the animal with a rocking motion (Neary and Yager, 
2002). The main advantage to paint branding is that it is painless and can be applied 
quickly. The main disadvantage to paint branding is that it is not permanent. 
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 Nose Printing. Nose prints are used as a method of permanent identification and 
are commonly used in cattle and sheep sales and shows. Nose prints are unique to 
individual animals and cannot be modified or altered. Nose prints are created in a similar 
way to our fingerprints and when two nose prints of an animal are compared there must 
be six identifiable matching lines or dots. Animals to be printed need to be restrained 
with a head lock or halter, have a small amount of ink placed on their dry nose, and then 
press their nose onto an index card supported by a hard backing to transfer the ink print 
onto the card (Neary and Yager, 2002).  
 The main advantage to nose printing is that it is a painless form of identification 
and that they are unique to each animal like our own fingerprints, there are a few 
disadvantages however. A main disadvantage is the difficulty to restrain the animal 
enough to get a clean and accurate nose print, and that these prints cannot be recorded or 
read quickly and therefore are very inefficient (Marchant, 2002). 
 Biometric Methods. There are three main biometric methods to identifying 
animals, DNA Profiling, Iris Scanning, and Retinal Imaging. DNA profiling techniques 
are used in pedigree animal breeding, particularly cattle, to confirm their parentage 
(Marchant, 2002). DNA profiling involves identifying an animal through single 
nucleotide polymorphism (SNP) fingerprinting. The odds that two individual animals 
coincidentally have identical 30-SNP loci genotypes are less than one in a trillion (Evans 
and Eenennaam, 2005b). Currently major dairy cattle breed associations, such as the 
Holstein Association, genomically test dairy cattle that their members want tested to 
uniquely identify the animal, confirm its parentage, and predict its productivity as a 
mature cow.  Iris scanning technology has been used commercially in humans and has 
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been tested on animals. It involves a video-based image snapshot of the eye. The iris 
pattern is pulled out and encoded and stored in a database used for recognition when the 
live iris presented back for comparison. The downside for use in animal identification is 
that the iris pattern in animals does not stabilize until the animal is several months old 
and can change due to injury or infections (Marchant, 2002).  
 Retinal imaging is an alternative biometric identification method. It is founded on 
each animal’s unique retinal vascular pattern which is present at birth and does not 
change during the course of the animal’s life. Retinal images are acquired through the 
pupil using a hand-held computer with an ocular fundus digital video camera that is 
linked to a global positioning satellite (GPS) receiver to enable 
automatic encryption of the time, date, and place of the retinal 
capture (Marchant, 2002). According to Marchant (2002), the image 
and data make up a unique data record called an image blob which is 
stored on a memory card and the computer system provides for 
customized memory cards for specific input data and this system can 
be linked to other databases throughout the production line. 
 The main advantage to these biometric methods is that they 
are mostly painless to the animal. Another advantage is that DNA, iris patterns, and 
retinal patterns are unique to individual animals. The other major advantage is that these 
identifiers are from the animal and not attached to the animal like tags or microchips 
(Allen et al., 2008). This is a big advantage because of the ability of the producer to 
verify the source and identity of his livestock. This could meet the requirements of a 
processor’s contract of certifying the product, such as certified Angus beef. Biometric 
Figure 4. 
Digital image 
of retinal blood 
vessel pattern 
(Optibrand 
Ltd., LLC, 
2005). 
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identification methods are also more reliable options for regulatory compliance because 
they are relatively unalterable because they are a part of the animal. The major drawback 
however, is that these require some restraint of the animal to read the identification and 
this can be very inefficient for management purposes. 
 Radio Frequency Identification. Radio Frequency 
Identification (RFID) is an electronic form of identifying 
animals, in particular cattle. RFID technology involves a 
microchip with a miniature radio transmitter and antenna 
that communicates with a reader. There are various forms 
of RFID technology with the most common being ear tag 
buttons, microchip implants, ruminal boluses, and neck collars. All of these RFID 
variants utilize the same technology but package them differently. 
  The microchip is a sub-dermal implant and the most common locations for 
implantation are near the neck, between the shoulder blades, or near the base of the ear 
(Neary and Yager, 2002). Ruminal boluses are administered using a balling gun and they 
are retained in the forestomachs of cattle due to their physical 
properties (Ghirardi, 2006). Neck collars are just like neck chains but 
instead of a number tag they have an electronic tag attached (Neary 
and Yager, 2002). RFID ear tags are the most common RFID system in 
cattle. They have the technology embedded in them and are placed in 
the ear like a number ear tag. With any of these RFID technologies a scanner reads the 
microchip, interprets the radio signal as a numerical code, and brings up the animals 
recorded information from herd management software (Neary and Yager, 2002). 
Figure 5. Allflex official 
USDA 840 series RFID 
ear tags. 
Figure 6. 
I.D.ology RFID 
ear tag reader. 
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 The main advantage to RFID technology is that none of them require line of sight 
visual readings. The RFID signal can travel through various body tissues and materials 
and be read by the scanner. RFID also offers individually unique identification codes that 
facilitate an identification database. The main drawbacks to this system are the initial 
start up cost, the need for computer based herd management software, and the potential 
losses of RFID transponders. 
Radio Frequency Identification Systems and How They Work 
 RFID Technologies 
 According to Roberts (2006), one of the earliest papers delving into RFID was 
written by Harry Stockman and published in 1948 on the coat tails of the radio and radar 
research done during World War II. Roberts (2006) highlights advancements in RFID 
research and development from the fifties where there was a theoretical exploration of 
RFID technologies, to the sixties when a few inventors and researchers developed 
prototype systems, to the seventies when there was significant development and RFID 
became applicable and commercially viable for animal tagging, to the eighties when 
animal tracking RFID systems became widespread in Europe. Use of RFID technology 
for animal identification has been practiced for the past few years in countries around the 
world and as the use of RFID technology is getting cheaper, the use of animal tagging is 
increasingly spreading (Voulodimos et. al., 2010). In combination with herd management 
software, RFID systems can include detailed information like medical treatment records, 
animal performance data, and record animal movements (Ruiz-Garcia and Lunadei, 
2011). 
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 Traditional identification systems and methods like branding, ear tags, and tattoos 
are not optimal for identification in cattle herds. Electronic identification using passive 
transponders can improve the management and control of cattle (Conill, et. al., 2000). 
Transponders can be embedded in plastic ear tags, covered in a biomedical glass capsule 
for subcutaneous injection, or placed into a bolus to be retained in a cow’s forestomach. 
These are the three main RFID transponder types used in cattle. Each of them has their 
own pros and cons.  
 RFID ear tags are the simplest form of an RFID transponder and are the easiest to 
apply (Voulodimos et. al., 2010). Also, in an on-farm study performed by Babot et al. 
(2006) in pigs, electronic ear tag retention equaled 97.7% so this type of RFID 
transponder is hardy. According to Wallace et al., some drawbacks to consider with RFID 
ear tags are that the ear tag button and applicator construction was an issue. In a study 
that compared the readability of electronic ear tags, Wallace et al. (2008) found that 
certain ear tag buttons would break through the front of the tag and that others would 
have the male tip break off and get stuck in the female side of the RFID tag. 
Figure 7. Different transponders with application instruments (Artmann, 1999). 
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Table 1. Selected RFID ear tag models, transponder type, manufacturer, and 15 digit 
animal identification number (adapted from Ryan et al., 2010) 
RFID ear tag model Transponder 
type 
Manufacturer AIN range 
Allflex FDX 
Lightweight Ultra Bovine EID 
Tag 
FDX Allflex USA, Dallas, TX 982000062137303 to 
982000062501360 
Allflex HDX 
High Performance Ultra EID 
Tag  
HDX Allflex USA, Dallas, TX 982000050675179 to 
982000055247867 
Farnam FDX New Z Tag FDX Farnam Companies Inc., 
Phoenix, AZ 
942000000261272 
to 
942000000470605 
Y-Tex ISO TechStar II FDX-B  FDX Y-Tex Corporation, 
Cody, WY 
949000000004671 
to 
949000000424453 
    
AIN =animal identification number. FDX =full duplex. HDX =half duplex. EID 
=electronic identification 
 
 Injectable transponders are another form of RFID transponders. Injectable 
transponders are encased in a biomedical glass capsule and injected under the skin 
(Conill et al., 2000). According to Conill et al. (2000), the main advantages to injectable 
transponders lie in their small size which allows for the injection in young or small 
animals, and the possibility of both animal and carcass identification at slaughter. The 
main drawbacks to the injectable transponders are that infection and rejection can occur 
from improper injection, and the glass capsules are breakable if the site is subjected to 
enough force (Conill et al., 2000). It is logical to conclude that injectable transponders 
may pose a recovery issue at packing plants due to the migration of the transponder. This 
migration may lead to some transponders not being found and then contaminating the 
meat. However, I was unable to find any information about the position meat packers 
have taken on this drawback to injectable RFID transponders. 
 Ruminal boluses are the third form of RFID transponders. The idea of using a 
bolus as a transporter of electronic devices dates as far back as the seventies, but hasn’t 
until recently received consideration for the electronic identification of cattle (Ghirardi et 
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al., 2006). This has proven to be the most tamper-proof identification method for cattle 
from birth to slaughter. This is certainly due to the fact that once the bolus is ingested by 
the cow or calf; the bolus will sit in the forestomach where it is essentially unreachable 
by man. Since RFID can transmit through body tissues this is considered an ideal way to 
electronically identify cattle and the security associated with the bolus is the main benefit 
to using this method of electronic identification.  
 Drawbacks to using the bolus include the loss of the bolus due to improper 
bolusing, bolus losses due to using the incorrect size and it passes on through the 
gastrointestinal tract or is regurgitated, and finally retrieval of the bolus at the 
slaughterhouse is complicated by the bolus being in the forestomach (Ghirardi et al., 
2006). 
Basic Inner Workings of RFID Transponders 
 According to Jansen and Eradus (1999), passive electronic identification 
transponders consist of an electric resonance circuit, which include an induction coil and 
a capacitor with an antenna to receive and transmit that are connected to a microchip. 
When the transponder is exposed to an electromagnetic field, the voltage generated in the 
resonance circuit powers the microchip and allows the transponder to communicate with 
the reader, which generated the electromagnetic field (Jansen and Eradus, 1999). This is a 
very basic electronic concept, that when applied to real world operations like animal 
identification, can have many differences in its design based on a manufactures 
preference.  
 Normalization was then required in order for RFID to be applied in large-scale 
applications (Kampers et al., 1999). The International Organization for Standardization 
(ISO) started a project in 1991 to accomplish this (Kampers et al., 1999). In a paper by 
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Kampers et al. (1999), a more detailed description of the inner workings of RFID 
transponders is given along with the two ISO standards governing how these 
transponders work. According to Kampers et al. (1999), the RFID transponder is passive, 
meaning that it does not have its own power source. It is activated by a radiofrequency 
electromagnetic field transmitted by the reader or reading device. This field is received 
by the tag, which uses the energy it captured to transmit a pre-programmed code back to 
the reader for interpretation. The pre-programmed codes are unique to each transponder 
allowing for the individual identification of livestock (Kampers et al., 1999).  
 In order to make transponders and readers interchangeable, the ISO standards first 
define the data structure of the information programmed in the transponder. Secondly, 
they specify how the reader and transponder communicate to correctly transfer the 
information stored in the transponder to the reader. To sort this out, the ISO broke these 
requirements into two standards, one on the data code structure and the other on the 
technical concept of the communication (Kampers et al., 1999).   
 ISO standard 11784 describes the code structure for a standardized transponder. 
According to Kampers et al. (1999), a standardized transponder can handle sixty-four bits 
of identification code. Within the sixty-four identification bits, a code must be stored that 
Figure 8. Bit pattern of the existing ISO transponder (Jansen and Eradus, 1999). 
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can identify animal uniquely worldwide. I have observed this in the dairy industry in 
allflex’s new RFID ear tags that begin with the USA country code, 840, and incorporate a 
number that is unique to that tag that gets assigned to dairy cow or calf. The three digit 
country code or manufacturer’s code is encoded in a specific field in the transponder and 
it occupies ten bits of the sixty-four between bits seventeen to twenty-six. The sixty-four 
bits of code are ordered in a specific order to ensure the universal reading of the code. 
Bits twenty-seven to sixty-four make up the thirty-eight bits reserved for the animals 
identification and these represent twelve digits of identification numbers (Kampers et al., 
1999).  
 ISO standard 11785 describes the technical concept of the communication that all 
transponder manufactures must adhere to in order to ensure the standardization of RFID. 
There are two different systems for RFID tags, full-duplex (FDX) and half-duplex (HDX) 
(Kampers et al., 1999). According to Kampers et al. (1999), FDX systems are a two way 
system in that the transponder transmits its code as it is energized by the reader. The 
HDX systems have a capacitor to store the energy to power the transponder and only 
begin transmitting its code after the electromagnetic field decays. The principle 
differences between FDX and HDX are the generation of operating voltage, the coding of 
information, and the timing of the information transmission (Artmann, 1999).  
 The standard combines both RFID technologies so that one ISO reader can read 
both types of transponders (Kampers et al., 1999). Because of the different timing scheme 
of the two types of transponders, and because the ISO dictated that they must be read 
interchangeably, the activation period of the transponder by the reader is fifty 
milliseconds that is followed by a twenty millisecond pause. The FDX transponder is 
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given enough time in the activation period to send its code and the HDX transponder is 
given enough time in the pause period to send its code. The electromagnetic field used for 
activation has a frequency of 134.2 kHz (Kampers et al.,1999).  
 There is also a newer, yet somewhat 
unproven, RFID system that utilizes a higher 
frequency. According to an Electro-Com white paper 
(2013) describing the benefits of the low frequency 
(LF) 132.4 kHz traditional transponders over the 
newer high frequency (HF) 13.56 MHz transponders 
for livestock identification; the LF transponders have a twenty to forty percent greater 
read range, LF transponders are more hardy and robust, and LF transponders are smaller. 
The LF transponder is four to six times smaller than the HF transponder and achieves a 
higher read range (Electro-Com white paper, 2013). Further advantages of the LF 
transponder outlined by the Electro-Com white paper (2013) are; the ability to read 
through body tissue and the simpler hardware and software requirements of the RFID 
system stemming from the ISO’s “read-only” requirement in the standard so that the code 
can be secured and unaltered.  
Figure 9. HF RFID ear tag and 
reader. 
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Materials and Methods 
 This is a literature review and therefore the majority of my materials and methods 
extended to and entailed a detailed search and review of existing literature on animal 
identification, its history, different types, and a focus on RFID technology. This research 
guided my thoughts in setting up the basic herd management protocol for integrating 
RFID into the Cal Poly dairy’s herd management system.  
 The advantage of decreased labor costs and incorrect visual ear tag readings as 
discussed by Eradus and Jansen (1999) was a main factor in implementing this protocol. 
Cal Poly has also begun tagging its new heifer calves with the 840 series Allflex RFID 
tag. This tag is accepted by USDA as official identification. The use of this tag allows the 
Cal Poly dairy to become a part of APHIS’s NAIS.  Murphy et al. (2008) discussed the 
benefits and motivations for the NAIS, and that also factored into my decision to 
implement this system on Cal Poly’s dairy.  
 I used the Cal Poly dairy’s PC computer with the DHI-Plus herd management 
software, the dairy’s HP iPaq handheld computer with the Pocket DHI-Plus herd 
management software, and the dairy’s I.D.ology Lightning Rod RFID tag reader with 
Bluetooth. I achieved the actual implementation process through trial and error and help 
from DHI Provo’s call center, as well as from the information contained in the 
documentation I received from DHI-Provo. 
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Results and Discussion 
 According to Eradus and Jansen (1999), electronic identification has many 
advantages for farm management. The main advantages of RFID over visual 
identification are a decrease of labor costs and a decrease in incorrect readings from six 
percent to one-tenth of a percent. RFID also allows for the use of automated housing 
systems and the monitoring of milk yield (Eradus and Jansen, 1999). RFID has emerged 
from the long historical list of animal identification methods that I previously detailed as 
a leading technology in livestock identification and as a herd management tool. 
  I found that the benefits of RFID technology over previous methods of animal 
identification to be quite clear. RFID technology offers a much more streamlined, 
efficient, and humane way to identify animals correctly. The following table lists the 
various methods of animal identification that I previously discussed and I assigned each 
of them an efficiency rating based on what the existing literature and my experience has 
taught me about how efficient these methods can be in a farm management system. The 
animal welfare rating I assigned is based on my interpretation from the literature and my 
experience of how much restraining is necessary to apply these methods to the animal, 
and how much pain and permanent damage the method of identification can cause an 
animal. I felt this was important to include because animal welfare has become a major 
issue in today’s society and the general public has been gaining an ever increasing voice 
into animal production. Livestock producers are going to have to find more humane 
methods to identifying their livestock. I found that based on efficiency and animal 
welfare, RFID technology offers a good balance of both for livestock producers. 
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Table 2. Methods of animal identification, efficiency rating, and animal welfare rating 
Animal identification 
method 
Effciency rating Animal welfare rating 
Branding 20 10 
Ear tagging 70 75 
Ear notching 50 45 
Tattooing 15 65 
Nose printing 10 85 
Biometrics 75 85 
RFID technologies 90 95 
Ratings are broken into ranges of: 0-25 = poor, 26-50 = ok, 51-75 = good, 76-100 = great.  
 According to the literature, brands can become damaged or improperly applied 
leading to difficulty reading the brand. Also, the brand is a form of identification that 
requires a visual reading that can be difficult to read when an animal moves. In order to 
apply the brand, an animal must be almost completely restrained and is put through an 
agonizing few minutes of pain from the burning hot or freezing cold iron. These factors 
led to my poor ratings for branding. Ear tags also require visual readings and can be 
difficult to read accurately if the animal is moving its head vigorously. However, in 
modern management operations such as dairies, where the cow is locked in a manger 
stanchion for management practices, the ear tag is fairly easy to read. Only minimal 
restraint is required to place an ear tag on a cow and the application is quick and if done 
correctly minimally painful. These factors lead to my good rating. 
 Still discussing Table 2, ear notching is an identification practice that is widely 
used in the swine industry. This practice can be fairly efficient in swine operations 
because of the close proximity the farmers work with their pigs. This practice however, 
really cannot be translated to other livestock species, and its use requires visual readings 
which lead to inaccuracies. From an animal welfare standpoint, the practice of ear 
notching is fairly painful because triangular pieces of the pig’s ear are removed. These 
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factors led to my ok ratings for ear notching. Tattooing is a common practice of 
permanent identification, but is really inefficient because the person reading the tattoo 
must peer in closely to the inside of the animal’s ear to be able to read it. Also, the animal 
must be firmly restrained to apply the tattoo and the process can be a bit painful. These 
factors led to such a low efficiency rating but a good animal welfare rating. 
 Nose printing, biometrics, and RFID technology all lend themselves to great 
animal welfare ratings because aside from the need for restraining the animal, these 
processes are relatively painless. From an efficiency standpoint, nose prints are very 
inefficient because a new print must be taken to compare with the original and it cannot 
be done quickly. This led to the poor efficiency rating I gave that process. Biometrics and 
RFID are technologies that lend themselves to quick readings and on the fly data 
retrieval. These factors led the great efficiency ratings I assigned them. 
 Based on my review of existing literature regarding animal identification and 
animal traceability (Blancou, 2001, Marchant, 2002, Murphy et al, 2008, Eradus and 
Jansen, 1999, Kampers et al., 1999), I concluded that RFID is of importance not just to 
animal herd management, but to livestock disease traceability. Nothing can impact a 
livestock market like a disease outbreak, and it falls upon a government to coordinate 
with producers and their organizations to investigate, locate, and quarantine the source of 
the outbreak. But with such a large volume of livestock crossing state lines and changing 
ownerships, I found that older identification methods just will not work efficiently for 
trace back of a diseased animal, APHIS shares this conclusion. Efficient and accurate 
animal disease traceability systems help reduce the number of animals involved in an 
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investigation, shorten response time, and lower the cost to producers and the government 
(USDA-APHIS, 2013). 
 From a historical stand point, no previous technology offers the quick and easy 
trace back that RFID technology offers. The main driver in this quick traceability with 
RFID is the utilization of a main identification database that would contain the needed 
information for trace back. Currently in the United States this database with the USDA is 
voluntary in cattle. The National Animal Identification System (NAIS) as highlighted by 
Murphy et al. (2008) has great potential to assist the Animal and Plant Health Inspection 
Service (APHIS) of the USDA to quickly trace back a diseased animal’s origin and 
quarantine the farm to prevent further spread. 
 In some instances, less than honest producers and ranchers may try to secretly or 
fraudulently move animals from the quarantined area. The internal RFID methods I 
previously discussed such as ruminal boluses and injectable transponders are great 
methods of identification in a quarantine situation because they are much more difficult 
to alter. Conventional ear tags and RFID ear tags are less reliable and easier to 
manipulate because they are removable. Other methods that are effective for preventing 
fraud are biometric methods such as retinal scanning because these methods are near 
impossible to adulterate. 
  As previously discussed, brands are inefficient to apply on cattle and 
require a visual reading that can lead to human error. Visual ear tags also require a visual 
reading, but the animal’s number can easily be inputted into a computer database. RFID 
technology facilitates the creation of a large, national database and ease of data retrieval 
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to speed up traceability. Also, the uniqueness of the identification code in an RFID 
transponder is perfect for national animal identification for disease traceability. 
 Unfortunately it seems that livestock producer’s nationwide stand divided on 
RFID, some because of customs others because of economics. To this extent, the USDA 
through APHIS has finally announced its final rule for its NAIS program. This final rule 
just announced December of 2012 states that any livestock moved from state to state has 
to be officially identified and accompanied by an interstate certificate of veterinary 
inspection (ICVI), such as an owner-shipper statement or brand certificate (USDA-
APHIS, 2013).   
 This final rule contains various revisions and differences from the proposed rule 
from 2011, but only two are pertinent to animal identification. The two changes to the 
rule that apply to animal identification are that now brands, tattoos, and brand registration 
serve as methods of official identification when they are accepted as official 
identification by the shipping and receiving states or tribes; and maintaining the use of 
back tags as an alternative to official ear tags for cattle and bison moved directly to 
slaughter (USDA-APHIS, 2013).  
 After having done an extensive review of the literature on RFID technology and 
how it works, I found that the electronic identification number (EID) that is part of each 
RFID tag is entirely unique as mandated by ISO standard 11784 (Kampers et al., 1999). 
This uniqueness lends itself to be the best method to official identification. I found that 
RFID technology makes perfect sense to be USDA’s only form of official identification 
and I concluded that USDA’s APHIS only made these changes to the rule due to 
producer resistance. 
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 Currently there are many countries that require the unique identification of 
livestock and have implemented RFID systems to aid the efficiency of these national 
systems. This information lead me to conclude that there are countries in this world that 
feel that a national animal identification system is imperative to maintain the health of the 
national herd in order to ensure a good market for their exports. Whenever a disease 
outbreak occurs it becomes the government’s responsibility to investigate the outbreak 
and discover its source. The government then suffers from the added expense of the 
investigation and the dip in the respective economic markets. I listed these countries in 
table 3 with their participation in a national identification program, whether it is 
mandatory or voluntary, and if RFID technology is incorporated into the program.  
Table 3. Major countries with animal ID requirements (adapted from Marchant, 2002) 
Country National ID 
program 
Mandatory/voluntary RFID 
incorporated 
Australia Yes Voluntary Yes 
Brazil Yes Mandatory Partially 
Canada Yes Mandatory Yes 
European Union Yes Mandatory Partially 
Japan No Voluntary No 
Mexico Yes Voluntary No 
New Zealand Yes Mandatory Yes 
United States Yes Voluntary Partially 
Uruguay Yes Mandatory No 
  
 According to Marchant (2002), currently Canada, the European Union, New 
Zealand, and Uruguay are among those nations that require national identification of 
livestock. Australia and the United States are two countries that are currently operating 
with a voluntary program. After reviewing the literature on how RFID systems work and 
how efficient they can be, I found that I agree with multiple authors that they are an 
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important part in the widespread implementation of a national identification system 
(Marchant, 2002; Murphy et al., 2008; Ruiz-Garcia and Lunadei, 2011). 
 RFID has lent itself to being the most efficient way to identify livestock and 
maintain at least at the herd level a complete and easily accessible database. Increasing 
this efficiency is the fact that RFID transponders do not require visible contact to be read 
by the reader (Kampers, et al., 1999). I found that the ability of the operator to scan a 
RFID transponder with a reader increases the speed at which the operator works. Having 
to visually see the printed number or brand on a moving animal and reading and 
recording  it accurately lends itself to errors. As I stated earlier, according to Eradus and 
Jansen (1999), visual ear tags were read incorrectly six percent of the time while RFID 
tags were read incorrectly by the electronic reader only one tenth of a percent of the time. 
These mistakes lead to recording mistakes on the herd database, which can lead to 
mistakes in the breed registry or herd improvement’s database, which can lead to 
mistakes in a national database which renders it useless. The efficacy and efficiency of 
RFID farm management systems should not be underestimated, and this is why I chose to 
implement an RFID based herd management protocol on the Cal Poly dairy. 
 My review of the literature on animal identification and RFID technology has 
further solidified my belief that RFID farm management is the best way to manage a herd 
of cattle, big or small. The ability to make herd management decisions on the fly utilizing 
portable herd management software only makes a farm operator more efficient. Currently 
Cal Poly utilizes a paper and pen method for out in the corral and a herd management 
software on its office PC to store and retrieve information. RFID technology streamlines 
data storage, data retrieval, and herd decisions. 
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Conclusion 
 My senior project looked at the history of animal identification and the common 
motivations for identifying animals, and the different types and methods of animal 
identification with a special focus on RFID technology and how it works. The research I 
did for this senior project led to the creation and implementation of a RFID based herd 
management system on the Cal Poly dairy. I found evidence that livestock have been 
uniquely identified since biblical times (NABRE, Genesis 30.37-42). The biblical 
motivation for identifying animals in the days of Jacob can be found in laws and decrees 
set down by his God (NABRE, Leviticus 19.19).  
 The identifying of animals for herd management and disease traceability has 
carried on through the centuries all the way to today (Blancou, 2001, Marchant, 2002, 
Murphy et al., 2008). RFID technology offers an individually unique way to identify 
livestock by way of ISO standard 11784 (Artmann, 1999, Kampers et al., 1999). I found 
that this uniqueness is a great way to efficiently and effectively identify livestock for 
management purposes and disease traceability. The importance of animal identification is 
made clear by my senior project; and the many different advantages of RFID helped 
guide me in my decision to implement a RFID based herd management system. 
 Installing a RFID based herd management system at the Cal Poly dairy facilitates 
voluntary participation in APHIS’s NAIS. I also found that management decisions and 
protocols could be carried out more efficiently and quickly than with just pen and paper. 
RFID technology facilitates quick and easy information retrieval and storage right there 
beside the animal and reduces the time the operator spends in the office on the computer.  
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Appendix A 
Setting Up the iPaq and RFID scanner 
 To set up the iPaq handheld computer and Pocket DHI, 
open the general settings tab on the iPaq by clicking on FILE 
and then SETTINGS. Make sure the box for load cows at start 
up is checked and that the load cows and load heifer boxes are 
checked also. Also, make sure that the boxes for save unique 
sire, back up data to, use milk weights, and play hundred when 
playing phonetically are checked. Make sure the drop down bar 
for back up data to is set to SD card.  
 Next select the scanner settings tab and make sure the 
using ID scanner box is checked. This will enable the user to 
use the RFID scanner. Make sure that the USER 15 is 
selected from the drop down menu for transponder ID. This 
is where the handheld finds the RFID numbers from the DHI 
Plus software. Make sure the save only last scan box is 
checked and that the drop down menu is set to USER 11. 
Make sure the Bluetooth stack is set to WidComm, device 
search length is set to 20 seconds, the scanner manufacturer is set to I.D.ology Lightning 
ROD, and that the connection log level is set to normal. The remaining settings should be 
set already and left alone. 
 To enable the use of the RFID scanner, make sure that Bluetooth is on and that 
the iPaq has discovered the device. If the device has not been paired with the iPaq follow 
Figure 10. Pocket-DHI 
general settings tab 
(DHI-Provo, 2013). 
Figure 11. Pocket-DHI 
scanner settings tab 
(DHI-Provo, 2013). 
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these steps. First tap START and select SETTINGS, then tap the 
CONNECTIONS tab and choose BLUETOOTH. Then turn on 
Bluetooth and tap on BLUETOOTH MANAGER. On the 
Bluetooth shortcuts screen tap NEW, and scroll down to and tap 
on EXPLORE a Bluetooth device. Tap the RFID device that the 
Bluetooth Connection Wizard displays, then tap Com0 in the 
SERVICE SELECTION and tap NEXT. Tap FINISH on the 
shortcut created message then double tap the new shortcut to 
establish a Bluetooth connection. Go to Pocket DHI-Plus and 
turn on use with RFID setting (found in File, Settings) if not 
already turned on. Tap INPUT and choose OPEN 
CONNECTION to begin using with RFID. Make sure that the 
RFID scanner is turned on to enable this connection. Tap OK on connected to scanner 
message.  
Setting up a Task 
 Begin by opening the device manager from the 
DHI-Plus options menu on the desktop computer. This 
screen will show the user any existing tasks and will 
allow the user to create a new task. This screen has 
numbered steps to follow to create a new task. The 
first step is to import an existing DHI-Plus input 
screen. There are default input screens in the system for most necessary tasks.  
Figure 14. Options menu with 
Pocket-DHI Device Manager 
highlighted on DHI-Plus 
software (DHI-Provo, 2013). 
Figure 12. HP iPaq 
handheld computer 
that belongs to the 
Cal Poly Dairy. 
Figure 13. I.D.ology 
RFID scanner that 
belongs to the Cal 
Poly Dairy. 
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 The second step is assigning a DHI-Plus report to the 
task. This part is imperative; the correct report must be 
assigned to the task otherwise the task is useless. For example, 
to create a vaccination task, the vaccination reports must be 
linked. The third step is setting up entry fields. These are the 
fields where the information is entered and then synced to 
DHI-Plus records. For example, on the Dry Off task, the dry date and temporary string 
are entry fields that are selected.  
 The fourth step is adding macros. Macros allow the 
handheld program to automatically create information and 
record it. For instance, on the Dry Off task, the macro Dry is 
linked to the observation found in list. When the needed cow is 
scanned, it will automatically move her in the program from her 
current string to the dry string 
and record the date she was dried. This information will 
then show up on DHI-Plus on the desktop after the 
handheld is synced. In order to achieve that, step five 
assigns the information to be recorded to the macro as a 
predefined value. This is where the dry date or temporary 
string number is set up by the user. 
  In step six the user assigns audio files to be played back by the handheld such as 
SKIP if the cow is not on the list or DRY OFF if the cow is on the list to be dried. In the 
screen for assigning audio files is where the user selects from the drop down menu to 
Figure 15. Task builder 
screen on DHI-Plus 
software (DHI-Provo, 
2013). 
Figure 17. Predefined values 
set up on the task builder 
screen on the DHI-Plus 
software (DHI-Provo, 
2013). 
Figure 16. New 
macro input screen 
on DHI-Plus 
software (DHI-
Provo, 2013). 
36 
 
auto-run the macro. That is the most important part of the set up 
process because it tells the handheld to process the data and 
check the cow off of the task list. Finish the process by clicking 
the save button. 
  Once the user has set up the task and saved it, connect 
the handheld to the docking station to sync the handheld and 
have the current tasks updated on the handheld for use. If there 
are any problems or further questions, refer to the Pocket DHI instructional document 
from DHI Provo. 
Using the iPaq and RFID scanner on farm 
 Once the desired tasks are created and synced the iPaq 
and RFID scanner is ready for use. The user opens Pocket DHI 
on the handheld, selects the task list button on the home screen, 
and selects the desired task. The handheld will ask to verify the 
date and time, select ok if the date and time are correct. Once 
the task is open, ensure that the connection to the RFID scanner 
is open as previously described. Once the RFID scanner is on 
and connected and the task is running, the user is able to begin 
scanning cows to find those that are needed for the herd management task.  
 The user is able to run multiple tasks at once such as the DRY OFF, CLOSE UP, 
and WEEKLY VACCINATION tasks. To do so the user just selects all three tasks from 
the task list on the handheld. Pocket DHI differentiates which cow is for which task as 
Figure 16. Add audio 
files screen with auto-
run macro drop down 
menu open on DHI-
Plus task builder 
screen (DHI-Provo, 
2013). 
Figure 17. Pocket-DHI 
task list screen (DHI-
Provo, 2013). 
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the user scans the cows. Once finished with the handheld, return it to the computer dock 
to charge and sync the info back to DHI-Plus. 
 The protocol outlined in this appendix was adapted from DHI-Plus documentation 
about using Pocket DHI from Cathy Meyers a DHI-Provo representative in 2013. 
